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Abstract.  
 
Tunnel spin polarization in a piezoelectric AlGaN/GaN double barrier 
structure is calculated. It is shown that the piezoelectric field and the spontaneous 
electrical polarization increase an efficiency of the tunnel spin injection. The 
relation between the electrical polarization and the spin orientation allows 
engineering a zero magnetic field spin injection manipulating the lattice-mismatch 
strain with an Al-content in the barriers.  
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Spin-dependent electron tunneling in III-V semiconductors has become a 
subject of an intensive study in regards with a search for an effective non-magnetic 
spin injector.  Non-magnetic spin filters are appealing as they do not require a 
magnetic field and allow spin manipulation to be achieved with an applied voltage.   
It is known that the direct contact between a ferromagnetic metal and a 
semiconductor has low spin injection efficiency due to the conductivity mismatch 
[1]. To improve an efficiency of spin transfer between a metal and a 
semiconductor, electrical contacts of enlarged resistance have been proposed in 
Ref.[2].  Possible implementation of this approach is tunnel contacts between 
nonmagnetic semiconductors with an intrinsic spin splitting. Spin selection in 
tunnel contacts occurs in the course of electron transmission through a single- or 
double-barrier- quantum well (QW) providing the spin-orbit interaction is 
essential. Two sources of the momentum-dependent spin-splitting, an interface-
induced Rashba interaction and bulk Dresselhaus terms  were considered to date 
exclusively in InGaAs-based zinc-blende (ZB) spin resonant tunneling diodes 
(SRTD) [3-5]. 
This paper deals with the voltage-controlled tunneling spin injection in wide 
bandgap semiconductors. Estimated theoretically [6,7] and found experimentally 
[8,9] the spin-splitting in Al(In)GaN/GaN QW have a magnitude comparable to 
that of their GaAs counterparts. This suggests that the wide bandgap SRTD could 
benefit those spintronic applications that require an efficient spin injector. Recent 
experimental data on InGaN superlattices show that the zero magnetic field spin 
polarization depends on an internal strain [10], which is inevitable in GaN-based 
devices due to a lattice mismatch between layers and a substrate.  
In this paper we study the spin tunneling and the role the strain plays in spin 
injection in a wurtzite wide bandgap SRTD. It is useful to note the difference 
between the two types of QWs: InGaAs-based (001)-oriented ZB and GaN-based 
(0001)-wurtzite (W). The voltage applied across the (001)-oriented structure 
induces the electric fields of the same sign in each layer and the flat-band 
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approximation well describes the electron band edges if the external bias turns 
zero. In a W-QW the built-in electric fields, caused by spontaneous and lattice-
mismatch piezoelectric polarizations, distort the band profile causing the Zener 
tunneling to occur even if the external bias is not applied.  It is shown that the 
built-in fields make a difference as for the voltage-controlled spin tunneling, 
namely, the spontaneous and strain-induced electrical polarization fields increase 
spin polarization efficiency that otherwise would be low if no electrical 
polarization were taken into account.    
The electron Hamiltonian in each (0001)||z-oriented layer includes the kinetic 
energy and the spin-orbit interaction as follows[6]:  
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where 
z
β∂
∂  is the Rashba coupling coefficient in GaN, λ is the bulk linear spin-
orbit coupling constant, ,t lγ are the Dresselhaus-type interaction constants, 
respectively, ||, zm m are the effective masses, zp i z
∂= − ∂=  is the electron 
momentum in the growth direction, σG are the Pauli matrices, ( )V z  is the 
heterostructure potential energy that accounts for an external bias extV . The 
coupling constant tγ  in Eq.(1)  renormalizes the in-plane effective mass and will 
be neglected throughout the paper.  
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Charge and spin currents will be calculated in the tunneling structure 
comprising five regions: left and right thick GaN leads (regions 1 and 5 in Fig.1) 
and the GaN QW placed in between two AlGaN barriers. Since the whole structure 
is lattice-matched to GaN, we account for the tensile strain in the barriers. 
Corresponding conduction band offsets, polarization fields (spontaneous and 
piezoelectric), and total internal electric fields jF  in each layer of thickness jd , 
were calculated as described in Ref. [11].   An example of the resulting conduction 
band profile is shown in Fig.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Conduction band profile: 30 / 40 / 30A A A
D D D
- 1 1/ /x x y yAl Ga N GaN Al Ga N− −  
( 1x y= = ), continuous line: 2extV V= − , broken line: 0extV = .  
 
 
 Electron wave functions in layers, numbered in Fig.1, can be represented as 
follows: 
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where ( ), ( )Ai s Bi s are the Airy functions, ,r t± ± are the reflection and transmission 
amplitudes, respectively, 
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and 1,2cEΔ are the conduction band offsets between the well and the left and right 
barriers, respectively. 
The tunnel transparency of the structure has been found using the transfer 
matrix method. Corresponding boundary conditions follow from the integration of 
the Hamiltonian Eq.(1) across the interface between the left (L) and right  (R) 
regions. For instance, at the interface z=0 the boundary conditions have the form: 
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The transfer matrix has been composed from the set of boundary conditions 
for all four interfaces likewise Eq.(5).  
The vertical charge current through the structure is written below:  
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where 1,5f  are the electron distribution functions in bulk doped GaN emitter and 
collector, respectively. Electron spin splitting in these regions is not implied. 
After integration over the directions of the in-plane momentum the current 
takes the form 
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The limits of the in-plane momentum integration max ( )zy E  are determined by 
the regions where 1,5k  are real.  
Total electron current Eq.(7) can be represented as a sum of electron fluxes in 
± spin states.   
Below the spin current is treated as a pseudo-tensor defined in Ref.[12]. 
The vertical spin current (flux) in z-direction is the axial vector that determines the 
direction and magnitude of spin polarization:    
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Fig.2.   Momentum dependent electron spin vector s+
G . 
 
 
As long as the distribution functions represent the equilibrium in-plane 
Fermi distributions 01,5f , the spin current equals zero due to the symmetry of the in-
plane electron spectrum and corresponding transmission amplitudes 
( || ||( ) ( )t k t k+ −= − ). The lateral electric field LF
G
, applied to region 5, breaks the 
symmetry and induces the non-equilibrium correction to the distribution 
function
0
0 ' ' 5
5 5 ||
||
, L
q ff f f f p F
m E
τ ∂= + = ∂
GG  , τ  is the momentum relaxation time.  
Then, Eq.(8) can be rewritten in the form: 
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where ,x yG G  are the in-plane unit vectors.  
It should be noted that the non-equilibrium correction to the distribution 
function does not contribute the current-voltage characteristics Eq.(6) as the 
corresponding term turns zero after an integration over the in-plane momentum 
kx
ky
 8
directions. Spin current Eq.(9) cannot be represented as a difference of charge 
currents J  calculated separately for electrons in ± spin states as it was done in 
Refs.[3,4].   
 The spin polarization has the direction perpendicular to the lateral field and 
to a normal to the interface: S LJ n F⎡ ⎤×⎢ ⎥⎣ ⎦
G GG∼ .  From the phenomenological standpoint, 
the effect is similar to the in-plane-current induced spin orientation in an electron 
gas with the linear-momentum spin splitting [13] or in the Rashba two-dimensional 
electron gas [14,15]. What discerns the system considered here, from the planar 
system described in Refs.[14,15], is that the spin polarization appears in the bulk 
region 5 where the in-plane Rashba spin splitting is not implied: the spin 
imbalance comes from the vertical tunnelling.  
 Numerical data have been obtained assuming Dresselhaus coupling 
constant 31 32*10l eV mβ −= (Ref.[16]) and the Fermi energy 0.1fE eV= .  Bulk 
k-linear spin-orbit λ  and Rashba R Lβ β−  coupling coefficients have been 
neglected as their role in tunneling is much less than that of the Dresselhaus term 
that renormalizes the masses of tunneling electrons.   
Single-mode tunneling at a particular in-plane momentum y  can be 
characterized with the spin-selective transparency 2T t± ±=  and the tunnel spin 
polarization T TP
T T
+ −
+ −
−= +  shown in Fig.3.  
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Fig.3. Single-mode transparency and tunnel spin polarization. Continuous line:T+ ; 
dashed line: T− ; dotted line: P; 3.86y = , 2extV V= − .   
 
 
As illustrated in Fig.3, the single-mode tunnel spin polarization can be as 
high as 100% at a resonance, however, it does not mean that the effective spin 
injection occurs when the tunnel current flows across the structure: the total spin 
flux contains all possible in-plane modes, weighted with the equilibrium 
distribution functions, and most important modes are those close in energy to the 
Fermi level in the collector region 5 to which the lateral electric field is applied.  
Figs.4-6 compare the total vertical charge ( /J q ) and spin fluxes across 
the 30 / 40 / 30A A A
D D D
 SRTD with Al content 1x y= = , 52.7 *10 /LF V cm= , 
T=300 K, 1310 sτ −= .   
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Fig.4. Current-voltage characteristics and spin flux in 30 / 40 / 30A A A
D D D
 SRTD with 
Al content 1x y= = , 52.7 *10 /LF V cm= .  
 
 
For comparison, Figs. 5 and 6 illustrate the currents through otherwise the 
same structure of Fig.4, but without polarization fields taken into account. In the 
example shown in Fig 4, built-in fields make barrier shapes triangular (Zener 
tunneling) and increase a transparency and a spin flux as compared to the structure 
where an electrical polarization is not taken into account (Figures 5 and 6).   
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Fig.5. Current-voltage characteristics and spin flux in 30 / 40 / 30A A A
D D D
 SRTD with 
Al content 1x y= = , 52.7 *10 /LF V cm= . Spontaneous and piezoelectric 
polarizations are absent. 
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Fig.6. Voltage-scaled data from Fig.5. 
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Lattice mismatch induced electrical polarization could be the one 
responsible for the strain-dependent spin polarization observed in Ref.[10]. 
Piezoelectric fields can be engineered by strain (Al-content in the barriers) that 
allows manipulating the spin injection efficiency in a perspective spintronic 
device.  
  Sheet spin density (spin polarization) in the region 5 can be estimated 
as S SJ τ , where Sτ is the spin relaxation time. Providing the spin relaxation time in 
GaN-based structures 0.25S psτ = [17], from the data shown in Fig.4, it follows 
that 10 210 cm−  spins are oriented. Extremely long spin relaxation time of 
100S psτ =  in InGaN multiple QW, reported in Ref.[18], may single out 
GaN/InGaN QW as a perspective structure for an effective spin injector. 
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